relationship between the morphological changes and vitamin A content during the development of acute toxicity induced by polychlorinated biphenyl (PCB) in mouse parotid glands was investigated. PCB was administered intraperitoneally at a single dose of 2 mg/kg. Ultrastructural studies revealed remarkable morphological changes in the rough endoplasmic reticulum, nucleus, Golgi apparatus and the secretory granules at 7 days after the administration of PCB. The activities of adenosine monophosphatase (AMPase) and alkaline phosphatase were increased 1 day after PCB administration. Then the activity of NADPH-cytochrome c reductase increased 4 days after PCB administration. Sub sequently, the vitamin A content of the parotid glands significantly decreased at 7 days compared with the control. These sequential changes in enzyme activities implied that the decrease of vitamin A content in the parotid glands may be partly due to catabolism of vitamin A by increased activities of microsomal enzymes induced by PCB. In conclusion, it is suggested that PCB also induces drug metabolizing enzymes in the parotid gland cells and that the acute toxicity of PCB on this tissue may occur, at least partly, through the reduction of vitamin A not only by the secondary effect from liver impairment but also by the locally ac celerated catabolism of vitamin A in the mouse parotid gland.
Polychlorinated biphenyl (PCB) is well known as one of the widespread environmental contaminants. Since PCBs are lipophilic and the metabolism of these mol ecules is slow in vivo, they accumulate in the body and induce adverse effects on health (1, 2) .
In Japan, over 1000 people used rice oil contaminated with PCB and subsequently they have been suffering from nausea, lethargy, subcutaneous edema of the face and acne-like skin lesions. These symptoms are called Yusho in Japan.
Although the toxicity of PCB in humans and animals has been reported (3), its mechanism is still poory under stood. In past years, the close relationship between PCB toxicity and vitamin A has been demonstrated. For exam ple, studies in rabbits showed that the concentration of liver vitamin A was lower in animals receiving PCB (Aroclor 1254) than in control animals (4) . The activity of microsomal cytochrome P-450 systems has been shown to increase after the administration of PCB (5, 6) , and it has been suggested that a microsomal enzyme system may play an important role in the mechanism of vitamin A reduction in animals treated with PCB (7) .
Since dysgeusia and xerostomia were reported in Yusho patients, these symptoms may be closely related to a disease of the salivary gland. In this context, an ultra structural study on the changes of von Ebner's gland in the rat following PCB administration was reported (8) ; however, the effect of PCB on the major salivary gland has not yet been addressed. On the other hand, other in vestigators reported that vitamin A deficiency affects the salivary gland (9) .
The purpose of the present experiment was to examine the relationship among the histopathological changes, changes in vitamin A content and microsomal enzyme activity in mouse parotid gland after PCB injection.
MATERIALS AND METHODS
Four-week-old male ddy mice were given a single intra peritoneal injection of PCB (2 mg/kg body weight) dis solved in corn oil. PCB (Kanechlor KC-400), which is mainly composed of tetrachlorobiphenyl, was purchased from GL Science Co., Ltd. The control mice were each injected with the equivalent volume (0.5 ml/kg body weight) of corn oil. Mice were housed in cages maintained in a laboratory with 12 hr of light and 12 hr of darkness. The temperature in the laboratory was controlled at 221C. Food and water were given ad libitum throughout the ex periments. Mice were sacrificed 1 day, 4 days, 7 days, 2 weeks, 4 weeks, 8 weeks and 16 weeks after PCB adminis tration; and both of the parotid glands of each animal were dissected out. Each group consists of 7 mice.
For the electron microscopic studies, mice were fixed by vascular perfusion of fixative at room temperature through the ascending aorta of anesthetized animals. After 10-15 min of perfusion, the parotid glands were re moved and placed in fresh fixative at 41C. The total fixa tion time was 2 to 6 hr for the morphological studies. The fixative was 2010 glutaraldehyde and 2% paraformalde hyde in 0.1 M phosphate buffer (pH 7.4). After fixation, the tissue was placed in 0.1 M phosphate buffer with 10010 sucrose, pH 7.4, trimmed into small pieces and stored overnight at 41C. Postfixation was done with 1 % osmium tetroxide in 0.1 M phosphate buffer, pH 7.4. Following postfixation, the tissue was dehydrated in ethanol and em bedded in Epon 812. These sections were stained with ura nyl acetate and lead citrate, and they were examined with an H-800 electron microscope operated at 75 kV.
For the biochemical analyses, mice were sacrificed by cervical dislocation. Then the parotid glands were immedi ately dissected out, and thereafter they were homogenized and used for the determinations of vitamin A content and activities of NADPH-cytochrome c reductase, AMPase and alkaline phosphatase.
Vitamin A in the parotid gland was assayed by the method of Katui (10) . Briefly, the reaction mixture con taining water and ethanol was added to the homogenized solution. Then the mixture was shaken vigorously with n hexane at room temperature for 5 min and centrifuged at 1000 rpm for 5 min. The supernatant solution was dis tilled in a water bath at 30'C, and 100 pl of isopropanol was added to it. A 20-,ul aliquot of each sample was inject ed onto a C 18 reverse phase column and vitamin A was de tected by spectrofluorometer.
The NADPH-cytochrome c reductase activity of the parotid gland was assayed by measuring the rate of reduc tion of cytochrome c by NADPH (11) . The reaction mix ture contained 20 pM cytochrome c, 10 mM NADPH, 1 mM KCN and enzyme solution in 2 ml of 0.1 M potas sium phosphate buffer (pH 7.5). The reaction was started by the addition of NADPH, and the increase in optical density at 550 nm was measured at 25 1C.
Alkaline phosphatase was assayed with 1 mg/ml p-nitrophenyl phosphate as substrate in 0.3 mM MgC12i 50 mM sodium barbital buffer, pH 10.5 (12) . Fifty microliters of each sample diluted in Triton X-100 were assayed. Samples were incubated for 80 min at 37 C in the assay mixture, and the reaction was terminated by the addition of 100 ul 1 N NaOH. The absorbance at 410 nm was read immediately.
AMPase was assayed at pH 7.5 with 0.005 M AMP as a substrate in the presence of 0.01 M MgC12, according to the method of Song and Bodansky (13) . Protein was deter mined as described by Lowry et al. (14) .
RESULTS
The electron microscopic appearance of parotid acinar cells from control mice was essentially identical to that described for other serous exocrine glands (Fig. 1) . The nucleus and parallel arrays of endoplasmic reticulum filled the basal portion of the cytoplasm, while the apical region was filled with homogenous electron-dense secre tory granules. An extensive Golgi apparatus, with con densing vacuoles of varyng size and density, was located apical or lateral to the nucleus. The endoplasmic reticu lum took the form of flattened membranous vesicles that are commonly known as cisternae. Lysosomes were found in most of the acinar cells.
There were no differences in the parotid acinar cells from mice at I day and 4 days after PCB administration compared with the control, although the lysosomes in creased at 4 days (Fig. 2) . At 7 days after PCB adminis tration, the parotid gland acinar cells showed several histopathological changes.
The nucleus showed pycnosis (Fig. 3) . Most Golgi profiles were reduced in size. There were many altered secretory granules with an electron dense substance in their peripherals, while the central portion of the granules was less-electron dense and occasionally contained a few clusters of dense material (Fig. 4) . On the other hand, several fused secretory granules were also observed (Fig.  5 ).
In addition, large vacuoles could be seen in the cytoplasm of many acinar cells, and some of vacuoles con tained a myelin-like body within themselves (Fig. 6) .
Remarkable morphological changes were observed in the rough endoplasmic reticulum. In normal cells, the innerspace of the lumen of the rough endoplasmic reticu lum had a constant width that was relatively narrow. However, in PCB-injected mice, the width of the rough endoplasmic reticulum was quite variable from one site to another, and its appearance was irregular and discontinu ous (Fig. 7) . At 2 weeks after PCB administration and thereafter, no morphological changes were found com pared with controls (Fig. 8) . Table 1 shows the changes in body weight and parotid gland weight of the mice. The body weight and weight of parotid gland increased at the early stage; however, they had decreased significantly (P < 0.01) compared with the controls at 7 days after PCB administration. The content of vitamin A in parotid glands was remark ably lower than that of the controls at 7 days (Table 2 ). In addition, NADPH-cytochrome c reductase activities in creased significantly at 4 days compared with the controls (P < 0.01), while there were no differences at 1 day and 7 days after PCB administraion (Table 2) . On the other hand, activities of alkaline phosphatase and AMPase in creased significantly at 1 day after PCB administration, while their activities showed no difference at 4 days and 7 days after PCB administration (Table 2) . At 2, 4, 8 and 16 weeks, vitamin A content and activities of NADPH cytochrome c reductase, alkaline phosphatase, AMPase were not different from those of the controls (data not shown). 
DISCUSSION
In our preliminary experiment to determine the ex perimental protocol for the present study, ultrastructural changes in parotid glands were examined in mice injected with PCB at doses of either 0.2, 2.0 or 20 mg/kg body weight by either single injection or successive injections for various durations, from 1 day to 16 weeks. As a result, typical histopathological changes in the mouse parotid gland cells were observed during the first 7 days after a single injection with 2 mg/kg of PCB. In addition, the extent of histopathological changes in parotid gland cells were essentially same among the four groups, i.e., 2 mg/kg-treated groups and the 20 mg/kg-treated groups with single or successive injection of PCB, respectively. However, in the 20 mg/kg group one out of six mice died, perhaps due to general toxicity at this dose. Therefore, a single intraperitoneal injection with 2 mg/kg of PCB was employed in the present study because of the viability of the animals and reproducibility.
In the present study, we demonstrated that ultrastruc tural changes occured in mouse parotid gland cells after the PCB injection. In addition to the morphological changes, the vitamin A content of this tissue decreased.
In the previous study on the morphological changes in the Ebner's gland after PCB administration, it has been sug gested that vitamin A-deficiency caused the histopathol ogical changes of the gland (8) . Similarly, it has been also shown that a vitamin A-deficient diet affects the salivery glands (15) . In vitamin A-deficient rats, the serous glands were always more severely impaired than the mucous glands, and the characteristic changes were atrophy of acini, distension of ducts, and the formation of cysts and abscesses (16) .
In the present study, PCB administration induced marked histopathological changes in secretory glanules, endoplasmic reticulum and the nucleus of the parotid gland acinar cells. Moreover, vitamin A content in the parotid gland decreased in parallel with the histopathol ogical changes. Thus, it is likely that the reduction of vitamin A induced by PCB caused these morphological changes in the parotid gland cells. In addition, it is gen erally accepted that the vitamin A deficiency alters the metabolism of mucopolysaccharides in the cells (17) . Therefore, remarkable ultrastructural changes were ob served in secretory granules, whose major component is mucopolysaccharides, in the present study. These findings clearly demonstrated that vitamin A deficiency occurred in the parotid gland cells.
In the liver, vitamin A content was less than that of the control animals on the 6th day after PCB ingestion (7, 18) . As to the time course changes of vitamin A content, our result was consistent with those in the previous stud ies.
Although the mechanism of reduction of vitamin A in animals given PCB is not yet clear, it is presumed that the increase in activities of microsomal drug metabolizing en zymes may be associated with the reduction of vitamin A content. The liver microsomal enzyme system in the hydroxylation of various substances is NADPH and 02 dependent, and it has a heme protein component like cyto chrome P-450. It is well known that these enzymes are induced in animals treated with phenobarbital (19) . They also observed a parallel increase in both the content of cytochrome P-450 and the activity of the NADPH-cyto chrome c reductase in the liver microsome. Furthermore, the activity of microsomal cytochrome P-450 systems has been shown to increase after PCB administration (5, 6, 20, 21) . Therefore, the microsomal mixed-function oxi dases are considered to be associated with the reduction of hepatic vitamin A caused by PCB administration (22) . That is, vitamin A may be metabolized to inactive metabo lites by the oxidases, and this results in decreased hepatic vitamin A content.
In the present experiment, we found that PCB induced NADPH-cytochrome c reductase in the mouse parotid gland. The activity of the enzyme increased 4 days after PCB administration. We also found that vitamin A con tent of the parotid gland decreased significantly after in duction of NADPH-cytochrome c reductase. Therefore, we speculate that microsomal enzymes such as NADPH cytochrome c reductase is closely associated with the reduction of vitamin A in mouse parotid glands caused by PCB administration. Moreover, induction of this enzyme in the parotid gland may imply that the decrease of vita min A could occur not only in the liver, but also locally in the parotid gland.
In fact, NADPH-cytochrome c reductase was induced in the rat submandibular gland by 3-metylcholanthrene (3-MC) (23) . Since PCB is similar to 3-MC in their lipophilicity and the ability of inducing microsomal en zymes (24, 25) , it is likely that these enzymes also may be induced by PCB in the parotid gland cells. Furthermore, AMPase and alkaline phosphatase were induced prior to NADPH-cytochrome c reductase. These results indicate that PCB may first affect membrane enzymes, and then other enzymes such as microsomal enzymes are induced.
Although it was evident that our results were mainly due to the secondary effect of systemic vitamin A defi ciency after hepatic impairment by PCB, the degree of vitamin A deficiency in parotid glands could be become more serious by the increase in enzymes induced in this tissue in response to PCB.
On the other hand, it cannot be excluded that other factors contribute to development of histopathological changes in the parotid gland, because the induction of drug metabolizing enzymes may also influence the metabolism of lipid soluble substances other than vitamin A, and because we did not examine whether the PCB-in duced histopathological changes in parotid glands were re stored by the supplementation of vitamin A in the present study.
In conclusion, the histopathological changes in the mouse parotid gland following the PCB administration may be at least partly due to decreased vitamin A caused by the local induction of NADPH-cytochrome c reduc tase. Consequently, we speculate that these locally in duced enzymes accelerate vitamin A deficiency in the parotid glands, and this is involved in the development of dysfunction in salivary glands such as xerostomia which is frequently observed in Yusho patients.
However, further investigations are necessary to clarify the precise mechanism.
